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REMARKS 

The present application relates to inbred maize plant and seed PH6WG. Claims 1-30 are 
pending in the present application. Claims 7, 9 and 19-22 have been amended. No new matter 
has been added by way of amendment. Applicants respectfully request consideration of the 
claims in view of the following remarks. 

Detailed Action 

Applicants acknowledge that the Terminal Disclaimer of June 15, 2005 has been 

reviewed and accepted and thus obviated the double patenting rejection of record. 

Applicants further acknowledge the provisional rejection under § 101 double patenting of 
i i 
claims 5 and 6 has been withdrawn. 

Finally, Applicants acknowledge that the Information Disclosure Statement (IDS) filed 
on January 29, 2004 has been considered and signed. 

Double Patenting 

Statutory Type Double Patenting 

The Examiner rejects claim 1 1 under the statutory type double patenting under 35 U.S.C. 
§ 101 as "claiming the same invention as that of claims 2 and 11 of the parent case, U.S. Patent 
No. 6,723,704". See Office Action, p. 2. 

Applicants respectfully traverse this rejection. It is well established that Applicants have 
the right to claim the invention in a reasonable number of ways, and that a difference of scope 
between claims has been held to be enough. See MPEP § 706.03(k). Further, Applicants also 
point out that Claim 1 1 in the present continuation is based on Claim 6 in the case as originally 
filed. Claim 1 1 is not identical in scope to claims 2 and 1 1 of the parent case, U.S. Patent No. 
6,723,704. Claim 11 of the present application claims "M maize plant having alUhe 
physiological and morphological characteristics of inbred line PH6WG, wherein a sample of the 
seed of inbred line PH6WG was deposited under ATCC Accession Number PTA^530". In 
contrast claim 2 of U.S. Patent No. 6,723,704 claims "[a] maize plant, or a part thereof, produced 
by growing the seed of claim 1" and claim 11 claims "[a] method of producing aniherbicide 
resistant maize plant comprising transforming the maize plant of claim 2 with a transgene that 
confers herbicide resistance". 

i 
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Applicants believe the Examiner is making the assumption that the fact that one must use 
seed of the maize inbred line PH6WG itself to obtain a plant with the same morphological and 
physiological characteristics as a plant of the variety PH6WG. However, one of ordinary skill in 
the art can obtain a plant with all of the same morphological and physiological characteristics as 
maize inbred line PH6WG without actually using seed of maize inbred line PH6W&. For 
example, this can be accomplished by using double haploid technology to "recreate" PH6WG 
through the use of Fl hybrid seed in which PH6WG was a parent. As emphasized ; in previous 
office action responses, all members of the genus of Fl hybrids seed will receive oine non- 
recombinant set of chromosomes of PH6WG. By using the seed of an Fl hybrid made with 
PH6WG, one can recover this non-recombined set of chromosomes from the Fl hybrid seed. 
Thus, a plant that has all of the same morphological and physical characteristics of PH6WG can 
be created without direct use of seed of inbred line PH6WG. Applicants direct th& Examiner to 
the following web site which further explains and illustrates double haploid technology at the 
internet address www.uni-hohenheim.de/%7Eipspwww/350b/indexe.html#Project3 (attached as 
Appendix 1), as well as to U.S. Patent No. 5,770,788 to Jia and U.S. Patent No. 6,200,808 to 
Simmonds et al. As noted on the web site, the use of double haploid technology t6 has been 
used in plant breeding to produce desired homozygous inbred lines for more than 50 years. 

Therefore, Applicants assert that claims 2 and 11 of U.S. Patent No. 6,723 ,704 are not 
duplicate claims, and requests reconsideration and withdrawal of the statutory type double 
patenting rejection under 35 U.S.C. § 101. 

Rejections Under 35 U.S.C. S 112. First Paragraph 

A. Written description regarding Claims 19-22 

Claims 19-22 stand rejected under 35 U.S.C. § 1 12, first paragraph as failing to comply 
with the written description requirement. The claim(s) contains subject matter, which was not 
described in the specification in such a way as reasonably convey to one skilled in the relevant 
art that the inventors), at the time the application was filed, had possession of the=claimed 
invention. The Examiner states that the "specification does not provide written description 
support for 'a single locus conversion' because the specification only describes a 'single gene 
conversion". See Office Action, p. 9. 
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Although not acceding to the Examiner's rejection, in an effort to reduce thfe issues upon 
appeal, Applicants have now amended claims 19-22 to delete the language "locus" and include 
-gene- as supported in the specification on page 21, thereby alleviating this rejection. 
Applicants further submit that the terms "single gene conversion" and "single locus conversion" 
are synonymous and would be well understood by one of ordinary skill in the art. 

B. Enablement regarding Claims 1-10 

Claims 1-10 remain and claims 13-16 and 19-29 arc rejected under 35 U.S.C § 112, first 
paragraph, as failing to comply with the enablement requirement. The Examiner states the 
rejection is repeated for the reasons of record as set forth in the Office Action of March 15, 2005. 
See Office Action, pp. 9-10. 

Applicants respectfully traverse. Applicants maintain the arguments submitted in 
previous amendment of June 15, 2005 regarding the references (Kevern, Carlone, and Segebart) 
mentioned by the Examiner, 

Applicants further assert the specification provides a description of how to : backcross 
traits into PH6WG (Specification, p. 21, 11. 16-31) and it is understood by those of skill in the an 
that backcross conversions are routinely produced and do not represent a substantial change to a 
variety. The World Seed Organization, on its web site, writes, "[t]he concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention in ord^r to avoid 
plagiarism through mutation, multiple back-crossing and to fill the gap between Plant Breeder's 
Rights and patents." ASSINSEL, an International breeders association, has published a position 
paper that refers to a conversion produced by repeated backcrossing of parental lines of hybrid 
varieties as a "cosmetic modification". As determined by the UPOV Convention, -''essentially 
derived varieties may be obtained for example by the selection of a natural or induced mutant, or 
of a somaclonal variant, the selection of a variant individual from plants of the initial variety, 
backcrossing , or transformation by genetic engineering" (emphasis added). Copies of web pages 
with these quotes are provided in Appendix 2. Thus, it is clear that there is worldwide agreement 
that by obtaining the seed of a newly developed variety such as PH6WG, and by using such seed 
for repeated backcrossing in accordance with claims 19-30, one is producing only a cosmetic 
modification and plagiarizing the work of the inbred inventor. 
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The ability of one of ordinary skill in the art to effectively use backcrossing to introgress 
a single locus conversion is also clearly supported by the scientific literature. For example, see 
Ragot, M. et al (1995) Marker- assisted backcrossing; a practical example, in Techniques el 
Utilisations des Marqueurs Moleculaires (Us Colloques, VoL 72, pp. 45-56 (attached as 
Appendix 3), and Openshaw et al , (1994) Marker-assisted Selection in Backcross Breeding, 
Analysis of Molecular Marker Data, pp. 41-43 (attached as Appendix 4). Specifically, Ragot et 
ai 9 demonstrates that "spectacular" progress toward the recurrent parent genotype was obtained 
with 61 RFLP markers. Ragot et al concludes that "recovery of the recurrent parent genotype 
could proceed even faster than in the experiment described herein, should the appropriate 
protocol and resources (population size, number and position of markers) be allocated." 

Furthermore, the specification teaches multiple ways of introgressing or transforming a 
maize plant with various genes which encode specific protein products which confer 
advantageous traits desired in the plant. {See generally, specification, p. 23-34). this includes 
the use of markers to aid in the identification, selection and transformation of the maize plant 
with the desired gene. 

Accordingly, Applicants submit that claims 1-10, 13-16, and 18-29 are fulfy enabled and 
have fully satisfied the legal standards for enablement. Applicants respectfully request 
reconsideration and withdrawal of the enablement rejections under 35 U.S.C. § 1 IS, first 
* paragraph. 

Conclusion 

In conclusion, Applicants submit in light of the above amendments and remarks, the 
claims as amended are in better condition for appeal. If it is felt that it would aid in prosecution, 
I the Examiner is invited to contact the undersigned at the number indicated to discuss any 

> outstanding issues. 

No fees or extensions of time are believed to be due in connection with this amendment; 
however, consider this a request for any extension inadvertently omitted, and charge any 
additional fees to Deposit Account No. 26-0084. 
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Respectfully submitted, 

LILA A. T. AKRAD, Reg. No. 52,550 
McKEE, VOORHEES & SEASE, P.L.C. 
801 Grand Avenue, Suite 3200 
Des Moines, Iowa 50309-2721 
Phone No: (515)288-3667 
Fax No: (515)288-1338 
CUSTOMER NO: 27142 



• LATA/bja - Attorneys of Record 
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Application of the /n-wVo-haploid induction in hybrid maize breeding 



APPENDIX 1 
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! 1. Reproductive and genetic investigations on in-wVo-haploid induction in mdize (Zea mays L] 

>v Contact person: 
: Prof. Dr. H.H. Geiger (gejg^h_@um-h^nheiiride) 




The interest in haploid/doiible haploid (H/E 
techniques has enormously increased in the l 
years. The introduction of H/DH-techniques i 
maize breeding programs traces back to the 5 
Shortly after the first reports of the spontane* 
occurrence of H/DH-plants in! maize, scientists < 
breeders started to discuss the application of si 
homozygous plants in breeding programs and tl 
commercial use. By means of the developmen 
inductors and a method for artificial doubling of 
chromosome set, the H/DH4hechnique has bj 
developed in the past years until such an extent t 
it is beeing used as a matter of routine by mi 
breeders. '■ 



DH-Line in generation D., 




After pollination with an inducer plant, kernels 
with H-embryo of maternal origin with triploid 

endosperm arise, together with regularly \ 

' _, ■ * . j i fi 1 0/200 S 

http://www.uni-h<)hcnhcim.dc/%7l-:i|»spwww/350b/indcxc.html ; 
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i double fertilized kernels. Chromosome 
elimination and parthenogenesis are 
considered to be the possible biologica 
mechanisms responsible for the occurrence of 
H-plants. However, chromosome elfcmnation 
and parthenogenesis exclude each other per 
definition. Therefore, we chose the neutral 
term /n-Wvo-haploid induction for the 
phenomenon menitoned. 



11014 





a 



mm 





outcross 



hapioid qr 
double hapjoid 



F, 



The aim of our work was to develop a novel indu 
line with an increased induction rate. The r 
inducer line RWS developed, displayes both 
advantage of a high induction rate and 
combination of two dominant* identification mark< 
a red stem, and an embryo and endospi 
coloration. Inducer RWS enables the breeder to i 
/n-v/Vo-haploid induction as an effective tool for 
development of H/DH-plants with almost \ 
genetic background. The method is less effec 
with donor genotypes, carrying the ab< 
mentioned identification markers or anthozya 
inhibitor-genes themselves. 



rate in maize rani 
artificial chromosor 



The spontaneous doubling 
from 1-10 %. Therefore an 
doubling method to increase the number of fei 
DH-plants is essential. The-, artificial chromosor 
doubling method, using colchicine as doubl 
agent, facilitates an effective development of t 
lines. 



Inductor RWS 



hup://www.uni-h<)hunhcim.ilc/%7Iiipspwww/35f)b/indexe.himl j 1 2/19/2005 
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Identification of H/DH-plants based on lacking stem- 
coloration 



H/DH-field 
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Essential Derivation and Dependence 

Practical Information 



WHY THE CONCEPT OF ESSENTIAL DERIVATION? 

The 1978 Act of the UPOV convention (International Union for the P'^ior lof New 
v^atles of Wants) states that "the authorization by the breeder Shan not be required 
ettKf StiWSS^of the [his protectBdl variety as an initial source^ variation for 
^ purpose Tof Seating other varieties or for the marketing of such vanet.es'. 

That principle, known as the "breedef a exemption", is essential for coritinued progress 
; from plant breeding. 

However, its implementation has progressively led to some abuses, ^ to the 
difficulties involved with assessment of distinctness based oh ^f h t ^^ C ( °"^? n 
(lQ78)whi C h indicates that, for the basis of a Me of P rote ° ton - :^t n ^ n v S r muSt 
be clearly distinguishable by one or more Important characteristics from any other 
variety whose existence is a matter of common knowledge - 

Sometimes, -cosmetic modifications" were enough tor protecting^ a neji 'variety. That 
was particuiartytrue in the case if mutation of ornamental or tout plant* and of 
■conversion* by repeated hactaroaslng of parental lines of hybnd vane tiea^ 

ln order to improve the situation, in me early 1980*. a debate began on how to improve 
the system, trying to define "minimum distances" per species, but no 
reached. The development of genetic onglneering. opened new Po?^'^ for p.racy" 
ofvarieties and sped up the revision process of tne Convention which in the Act 
adopted in 1991. has introduced with thefull agreement of breeders ^If^lE. 8 
concept of essential derivation. That coneept of essential deration has two aspects. 

«• a technical one: the question whether or not a plant variety? is to be 
considered as a variety essentially derived from an Initial va nely: 

<$ a juridical one: dependence, meaning that no protected acts as defined by 
the 1991 Act of the UPOV Convention {production, marketing ...)related to 
the essentially derived variety shall be carried out without the authorization of 
the owner of the protected initial variety. 

DEFINITION OF AN ESSENTIALLY DERIVED VARIETY 

The 1991 Act of the UPOV Convention states that "a variety shaJI be deemed to be 
essentially derived from another variety (the initial variety) whei>: 

I. it is predominantly derived from the Initial variety or from a 
variety that is Itself predominantly derived from trie initial variety, 
while retaining the expression of the essential characteristics that 
result from the genotype or combination of genotypes of the initial 

APPENDIX 2 

. http://virvvw. worlds = 

■ : I 
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variety; 



ii. it « dearly distinguishable from the Initial varied end 

Hi except for tne differences which result from the of derivation. 

'"• itconfoS^to the initial variety it, the W™*™**^^ 
SSteriatics that result from the genotype or combmabor. of 
genotypes of the initial variety. . 



i^ntut, <l.*e« varieties may b* <*^%£^J&S5^£SZLi 

ASSINSEL interprets the definition given in the Convention as follows: 
a) The technical aspects (matter of facts) 

of the Initial variety: 

I. dear distinctness In the sense of the UPOV Convention 

ii. corrtbrmity to the initial variety in the e^^ 6 ' 0 !^^^ 131 
characteristics that result from the genotype or oottbmatfon of 
genotypes of the initial variety 

iii . predominant derivation from en initial variety. 

If one of these requirements is not fulfilled, there is no essential derivation. 

spedes or even within a species basis, 
b) The juridical aspect 

The principle of dependence only exists in favour of a protected variety- This means 
that 

t. the initial variety must be a protected one 

ii. dependence can only exist from one protected variety alone 

iii. an essentially derived variety can be direct* ^edfrom the 
initial variety or from a variety that is itself predominantly derived 
from the initial variety, it is possible to have a \^™*J* 
derivation. However, each essentia '^env^ varwty sh^l only be 
dependent on one. the protected initial variety. £ cascade _of 
dependence shall not exist, the prlndple having been '^ucad to 
better protect the Dreader of the in itial variety and not those having 
made derivations from his work. ■ 



http:/Avww.worldsce<Lorg/Position_papeiVdcnve.hiiii 
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ASSESSMENT OF ESSENTIAL DERIVATION 

The assessment of essentia, derivation needs to take into account the *ree criteria 



mentioned above: 
it 



clear distinctness in the sense of the UPOV Convention _ 

of the initial variety 

a predominant derivation from an initial variety. 

The first criterion will be decided upon by the office ir. charge , oj 'granting a right to the 
ireeder of B^e variety, according to the UPOV rule of dlstincinesa 

derivation from an initial variety". 

-rh* thim criterion predominant derivation from an initial variety, implies matthe initial 
^SpS^eST^^ ^refrom have been used ,n the breed,ng 
process. 

In order to prove that use, various criteria or a combination thereof may be use* 

combining ability 
*j phenoty pic characteristics 
« molecular characteristics. 

These criteria will have to be handled differently from their use fara^ssrriBntof 
S^ WhaS solution retained, one will probably have to use distance 
^SSSK to now. ASSINSEL has essential* worked on 

i grs instead of molecular marKers. that should be possible. . 

The interest of using combining ability and the heterosis level will strongly depend on the 
crop. Thresholds will also be necessary. 

The various ASSINSEL Sections are considering the establishment df thre^ol^ far 
^^SSJ^SUm derivation according to this following general pnnclpte. 

i 

rw should Dmoose soecles by species, a first threshold below which a 
* ^S£i£lJSSS3BS^ as noWentially derived from -nM*^"* 
mSSSSSni threshold of conformity above which me new variety should be 
ZSSSmTES*, derived, except If ^the braeder cjn prov e . by clear 
evidence, that he has started from ^dependent 9f r mplaam. 
Between those two thresholds, the derivation could be datable and foe 
ueeder of the putative essentially derived variety should have to V**.™ 
^te of Sble negotiation or arbitration, infection «|^ «y» 
ms* variety. Should that information be unsatisfactory, tht tnbund or of 
artlrato ^conciliators agreed on by both partes may request breedmg 
records be provided for their examination. 

http://www.worldsc6d.org/Posihon_papcrs/denve.hlm 
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This approach may be-diagrammed as follows: 

i 

I 

r Zone of non-derlvatton (Zone 1) 
I 

— Threshold No. 1 
1 

^ Zone of uncertainty (Zone 2) 
-.Threshold No.2 

1 Zone of non^istinctness or of indisputable derivation (Zone 3) 



— 100% 

Sca/e nfganomlc conformity 



Some breeders are developing sue* scheme and call the *>ne MOl Jgn sjmT. £ 
wWch breeders would have freedom to operate. Zone No.3, the JJjJJJ* ' JJESy 
IKerwould know, fording * 

essentially derived end dependent .Zone No* to where ^J^^^g^M^ first as 

r e »s« acqu,red h 

the implementation of the scheme. 

While this approach may be worthwhile, it also presents some obvfoud difficulties: 
Breeders have so far been unable to agree on threshold levels for any 

l^nTihe thresholds adopted by the industry had merit, they will not 
represent an absolute certainty and e court of law could pass judgment on 
other bases or guidelines. 

Nevertheless, this approach does provide some framework in which breeders might 
proceed. 

CONSEQUENCES FOR THE BREEDERS 

-rn* t*n~»ts of derivation and dependence do not, fortunately, abolish the "breeders 

a) Choice of the parents 
Breeders should be certain of their legal access and freedom to use in iaUs 

exemption". 

■ 

b) Breeding methods 

Any conventional breeding method could, in theory, provide an essentially derived 

,j < u* * J 1/14/2005 

http://www.worIdsccd.oi^ositxon^apcrs/dcrivo.mm 
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variety. Certain methods appear to give a higher risk of developing ***** derived 
varieties. Among these methods we include: 



natural or Induced mutations; 
S SSted backcrosses: (discussions still continue on the nurrfee ■of 
~ teS^sses which could lead to an essentially derived variety. As shown in 
SfW ftaSt of Convention, which is of evidence; the authors of 
ll Snven ton had in mind at least two backcrosses. the word being written 
£pK . i must be noted that the selection pressure exerted after 
^^ck«^s!es> can have an important effect on the final result). 
S3^^ example the cho** of clones in a sy nthet* 



variety; 

transformation by genetic engineering, 



c) Development of technical information 

Conformity thresholds for essential derivation such as V^SSSki'^SSlSS!^ 

Sl^ahSad^Zw'thek freedom to operate In relation to such thresholds, 
breeders wHI need: 

a good knowledge of the range of phenotypic, molecular and physiological 
variability of varieties present in the market; „ BBA t; r 
to know toe phenotypic, molecular and physiological profiles oftheiroenebc 
SSla^nd their ^perlmental varieties, as wen as their breeding h.stories 
and documentation of legal access. 

Hf^ders will need to employ the tools necessary for assessing such * B 

JroraS Su3 i tools will not only be used tor the protection pf Intellectual 
^ptSy, ffsS also promote improvement of breeding efficiency, 

d) Keeping <* breading books 

Conformity thresholds only, at least In the zone of ^ tt ^SSS?SSSS£S l 
allow a decision on derivation and dependence. In case * N9«ton ; •^SS^L 
oarentel netarial and breeding methods win be needed. Thus breeders will need to 
mlKS and accurate breeding recoWs. We encourage breeders to *»* 
oSnpltoSJof^sional legal advice on the beet ways to develop and«n_ntaln these 
important records. 



http://www.woi-ldseed.org/Position_papcrs/derivc.hmi J 11/14/2005 

PAGE 20/36 1 RCVD AT 12119/2005 4:58:34 PM [Eastern Standard time] ' SVR:USPTO-EFXRF-6/34 ' DNIS:2738300 ' CSID:51S2881338 1 DURATION (mm-ss):1M2 



12/19/05 MON 17:04 FAX 515288133S MCKEE VOORHEES & SEASE @021 

12,00/05 FRI 15 = 46 FAS IIS 334 68S3 PIONEER HI -BRED DSM ~ *W LAW ®° 42 

| Page 1 of 1 

Essentially Derived Variety 

W h ^ r ; " "F^swntiallV De tivejiyarle,ty"_? 

•m* «,nceot of essentially derived variety was introduced into the 1991 Act of the UPOV 
TSZZ^'rtMwriS^Hn faygn mutation. I ^ h ba ^t Sa 
w^ osd between Plant Breec&Elps and patents, gap which was becoming 

Xport^ 

engineering. | 

An essentialtv derived variety is a varlaty which is distinct and predominantly derived 
ta^^SS^iSS variety, white retaining the essential charactenst-cs of that i*al 
variety. 

A* Indicated as an example in the UPOV Convention, essentially derived varieties may 

the iSSuan of a variant individual from plants of the .ratal vanety, back-aossmg. or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested ifi the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
SeSflon as free access to protected plant varieties for breeding purposes « 
25 Knot" Tthreat to biodlveraity. On the contrary, it favors b.odivers.ty. 
encouraging breeders developing and marketing original varieties. 



http://wwv/.worldseed.org/F AQcdv.htm | 11/22/200- 

t " I 
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Marker-assisted backcrossing: a practical) example 

M. RAOOT 1 , M- BIASlOLLl\ M.F. OELBUT 3 , A, OELL'ORCOl, L. MAj/SARINI 1 , 
P. -mevENINl, J. VERNOY 2 , J. VIVANT2 R. 2IMMERMANN1 and gJgay 1 . 

1 Ctoa Sends, CH-4O02B&ste, Switz*ri*n4. 

2 DApartemertt tfAm^cuufion daa Ptontes, INRA-Demtino depots***, 
F-21110 Gente, Fiance 



Summary 

TbAt fflolecnhr markers allow fast recovery of recurrent partftt fcenprype In bacKcftS * 
programs i* undisputed- Btscrietion Fragment Lc&tfh Polymorphic cm (RFLP's) were used 
in maiz* to tatrGgruTby backotws a transgeuc construct* containing phosphinodiricin 
resis tance and Uisectkidal protein genes, from A trwu. formed parent into an elite inbred IIjia. 
At each Reiteration plana carrying the traitsgene construct were seleated bawd on their 
phosphinothncin resistance, and further characterized whh RFLP'a. Both maximum 
recovery of recurrent parent genotype and minimum linkage drag wero taken into account 
for rnarfcer-based ^selection. Embryo rescue was used to shorten ecncratiofi tune. Progress 
towards recurrent parent genotype was spectacular* Levels of recurrent parent genotype 
recovery which would normaUy be observed, in the absence of election, in foe BC* 
generation were obtained at the BCj generation, abom one year after BC, seeds had been 
planted. Besides ihe evidence already provided by RFLP's, pneuotypje evaluation of the 
backcTc^a-derrvcd ntw-ifiogeflic tines will constitute an additional check <rf d» compteieness 
of the conversion. 

Introduction 

BactaP SSMg h as been a common breeding pr jaciicojfrt * lwLas ^itej gcrrnplasm has 
beenjya Slablc. It has mainly been usad to imrogress single Mendejian uaits, such as disease 
resistances or quality factors, into eilua germplasm (Aliard 19W; HaHauer and Miranda 
1981). One of the most attractive attributes of haclccrosaing b that it allow* to perform 
targeted rnodificatms without disrupting the existing overall jjenotie balance of the 
recurrent parent* 

However, production of folly converted near isogenic line* through classical 
baclccrosslDft procedures is a lengthy procedure, if at all possible, Th comically, a minimum 
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of seven classical bacfccrcfla gpnoo^ona are required to recover more, thaix 99% of recurrent 
parent genotype, aiming no linkage drag. The aitracdvsncss of classical badccro*« 
procedures is therefore substantially diminished for crops, such as make (2ea mays U). 
where the corn-over of elite cultxvzxs is very fast. 7ti addition, full recovery of recurrent 
parent genotype is usually not achieved through claukal backcrcmlng, which may result hi 
deleter*** agronomic effects. Murray et a/. (IMS) reported about 90% recurrent parent 
genotype recovery in two BC 1(r «qurvalent conversions <A632Ht and A632Bp) of the mane 
line A632. The conversions bad retained respectively 4 and 1 donor fragments in addition to 
the one carrying the gene of interest. 

Reduction in the number of backcross generations needed to obtain fully cooverted 
individuals has been shown AeoTetieafly. or from simulatioaa, to be achievable through the 
u» of molecular marten (Tnnksfcy er oL 1989; Hospital tt *L 1993; Jarbce a aL 1994). 
Because they provide thorough, characterization of the genetic variabiUry at each backcross 
tajcranoru markers allow to take toll advantage of this variability by applying ine highest 
possible selection tatatfliy. 

Efficiency of roarfccr-wsiMCd backcrossing was Investigated through an experiment 
aimed at intiogrcsstng a single genetic factor (a transgene construct) from a donor into a 
recipient maize line. 

Materials and methods 
Plant Material 

A bsmizygous transonic maize line of Lancaster origin was used as donor parent to 
inuogress its transgena comtmct, through repeated backxrossing, into a rodpiem parent 
from die Stiff Stalk e «rmpla*m group. Both parents are proprietary elite lines. The 
transgeno construct carries both a phnsphinotbrasin resistance gene and synthetic genes 
encoding the enmrooroxto fragment of the CrylA{b) Bacillus thurutgwisv protein (Koziel ef 
aL 1993). Transformation was achieved through microprojcctile bombardment (Kozicl er 
al. 1993) and resulted in a single insertion (Ac locus), on chromosome l (Figure 1). 



Backcross protocol 
The Pi progeny of the cross between the donor and the recipient was screened for the 
presence of toe tnuligene construct by applying Basta, a phosphinothricin-bascd herbicide, 
onto each plant. Resistant indrvihiah were then used U> generate BCi progeny. 

For each backcross generation, txcept Che BC** individuals were planted in multipots 
and sprayed with 8asta to eliminate those which did not carry the transgene construct. To 
avoid (he stress resulting from treatment with Basta* BC4 plants carrying the transgene 
construct were identified using Southern blots probed with the pot awl Bt genes. Resistant 
plants were transplanted in an open-soil greenhouse and leaf-sampled for molecular marker 



analyses. Results of marker an 
flowering. A single plaitf waa 
rescued and transferred onto tt 
crajxyos first underwent a gro 
culture medium, before being 
average, four months. 

Molecular marker anafys> 
Restriction fragment Lc 
genotypes In all four generc 
chemiluounesccnt technique*, 1 
were chosen from among those : 
provided coverage of «*« entirt 
contained two loci tightly linkec 
i^uibmauon units away (Figu 
BCn + 1 generadon comprised bo 
c* tighdy linked ones, and addi 
selected BC 0 plant was hctero^ 
independent reference populati* 
generation. 

\ Selection procedure 

At each general km pUnis 
rtcurrent^arent-genotypc ami ■ 
attempt to integrate both erite: 
missing values were not include 
contributed to the selection pre* 
best ranking one of chose for * 
fnr the BC 3 selection) was ava'd 

Results and discussion 

' Selection for tho gene u 

Hie observed segfefiatioc 
significantly different (P<0.0S 

Recurrent parent genotj 
Statistics for the genotyj 
performed taking the whole p 
bacterOSS-derivad plant there! 
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unlyses. Results of marker analyses were made available at the latest tsvo weeks after 
nowerlng. A tuttJe plant was sheeted, of which all backcross-deriveol ewbryos were 
rescued and transferred onto tissue culture medium. Plantlcw that developed from these 
embryos first underwent a, greenhouse acclimation phase, while still growing on tissue 
culture medium, before being transplanted Into multipots. Backer** cycles tasted* on 
average* four months, 

Molecular marker analyses 

Restriction Frajmcut Length Polymorphisms (RFLP's) were used co establish 
genotypes «* all four generations. RFLP detection Involved cither* radioactive or 
diemihnzimesocnt techniques. For the BCj ceneration, 61 marlccr-eitzynSe combinations 
were chosen from amoufi those revealing polymorphism between donor ajid recipient. They 
provided coverage of the entire genome, defining interval* of about 25 cM in size, and 
contained two toci tightly linked to the fit locus, CG3Z0 and CG415. respectively 5 and I u 
recombination units away (Figure 1), For subsequent geueradoot, markeri analyzed In the 
BCa+i £cncraaoa comprised both those for which the selected BC Q plant was heterozygous, 
or tightly linked ones, and additional opes Located in chromosomal segments for which the 
selected BC n plans whj teteroxygou* fTable 1). Marker map positions were obtained from 
Independent reference r»pulatiOW and confinned by analysis of segregation in the BC, 
generation. 

Selection procedure 
At each gefcratkra plants were ranked based both on the percentage of homozygous 
rcurroi^&rent-gerjotype and on the extent of linkage drag around the Bt locus, in aji 
attempt to integrate both criteria, Wants for which two or more adjacent markers had 
missing values were not included in the analyses. Success or failure of the pollinations also 
contributed to the selection procedure. One single plant was selected at ea«h generation: the 
best ranking one of those tor which a biiekcross progeny of size 100 or more (50 or more 
for the BC 3 selection) was available. 

Results an<* discussion 

Selection for the gene of intuvK&t 

The observed segregation ratios for phostfwwthrlein resistance friable 1) were not 
slgnlfleantry different (P<0.05) from the expected 1:1, as shown by Chi-iquare tests. 

Recurrent parent genotype recovery 

Statistics for the geootyped plants are straunarized in Table 1. Calculations were 

performed taking the whole genome bio account, including the Bt loons. The •perfect" 

backcross-derived plant therefore counts one l»*m«ygous chromosome segment, thai 
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eomprJiing the fir locus. It also display* 99.36% of homozygous nc^v^an^gfitiiotypti. 
The remaining 0-64 95 correspond* to die average relative length of the chromosome 
segment containing the A locus, which depend! on the two flanking, markers chosen. 

The mean percentage of homozygous rccnrrcot-oarcot-genotypc of the BC, generation 
ww slighdy lower than tho expected 50%. This can be explained by linkage drag around the 
Br locus, given mat this percentage was computed based only on plants selected for 
heterozygosity at the Bt J ecus. For aH other backcross generations me mean percentage of 
bomoayfiOtt* recurrent-pareni-genotypc was much higher than what would have been 
observed, should do rejection nave been done (Figure 2), 

The percentage of homozygous rcciinem-parwt-gerttKype of the selected plant 
CTable 1) and the average of the five largest valuta; (Table 1) were always very similar to 
aim another, and much Superior to the population mean value (Figure 2). The percentage of 
homozygous recutrcm-paient-geiKjtync of die selected plant was found only once, in the 
BQ2 generation, to bo smaller than the average of die five largest values- This corresponded 
to the only tune when die selected plane was not the one whh the maximum percentage of 
hnmojeyfous recurrem-parcnt-senotype. The plant had been selected because k displayed a 
favorable iccombimtion on one side of the Bt locus (Figure 1). 

The percentage or homozygous recu rrcnt-paie nt-genotype of die selected BCj plant 
was almost equal to that of »n unsclected BCj. that of the selected BCj was larger than that 
of an umelectcd BC 3 . (hat of the selected BC 5 was barely smaller than that of an unsclected 
BCg, and that of the selected BC* was equal to that of the "perfect" bockcmso-dErfved 
plant, given tho sat of markers mat was used. Such rates of recurrent parent genotype 
recovery arc consistent whh results of simulation analyses. Jarboe et ol. (1994) who used 
the maize genome as a model reported mat three backcross generations and 80 markers 
were needed to recover 99* of recurrciit parent genotype. 

Number of donor chromosome segments 
The number of heterozygous dnwosoaial segment* decreased from ana bflclecross 
generation to din next Plants selected at each gap era ton worn not necessarily those which 
had the lowest number of heterozygous imromosofflal segments (Tabic 1). However, with 
the set of markers used, BC 3 and BC 4 plants were recovered which contained only one 
heterozygous oJu^mosomal segment: that comprising the Bt locus. 

Linkage drag 

Unicage drag around the Bt locus wax estimated, relative to the length of i*romosomc 
I. Its value was found to Ik between 24.0 and 48.4 SB for die selected BCj Individual, 
between 17.6 and 34.8% for the science* BC^ between XO and 24.0% far the selected 
BCj, and between 0.0 and 8.4% (respectively 0.0 and 14.5 cM) for the selected BC4. 
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ftanU 023 the tranxgenc construct locu 
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of tomato cultivara obtained by a h 
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Th c w* values given for each generation arc extreme values of linkage dra$. which 
eorrespoM to extreme rxmtioas of the crossing-overs tn me cnarktT-dcfuxjd intervals 
nankin we trans&ene construct locos. Therefor* the mie linkage ^ ydue of the selected 
BC 4 is likely to bo less than 1.3% of the bbodo*. Although mis njasiiotjm value may 
appear to be somewhat high, reflecting the limited selection pressure u?uc here on Knkafce 
dras, it is much lower man what would be expected from classical ibactaos* progw* 
(Stem and Zeveu 1981: Tanksley tt «l. 1M9). Practically, in a study of conversions 
of tomato cuKivars obtained by a large number of classical backxross eyeles. Young and 
TinksJey (IM9> found that the sizes of the introgressed fragments ran^d between 4 and 51 
cM, 

Conclusion 

These results clearly demonstrate thai molecular markers provide important time and 
quality advantages over ctasaical procedures for the production of near-iso^ie tine* 
uuouEh backcroning. Only four baexcross gcawtfwf* were i«cessaiy to recover, In less 
than a year and a half from planting of the BCfs, Individuals wh*h appeared lo be 
eenotypicuUy folly converted. Nevertheless, it Utery (hat recovery of recurrent parent 
senotype could proceed even Uster than to the experiment described herein, should the 
appropriate protocol and resource* (population size, number and position of markers) be 
allocated. 

Comparison of BCrdcfived tires with tha recurrent parent for bom morphological 
markers and earonomle performance poinding hybrid pcrformance>iwiU bo ^formed in 
order to confirm the completeness of the conversion. 
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Marker-assisted Selection in 
Backcross Breeding 



S.J. Operchaw 

Pioneer Hi-Bred Intl. Inc., P.O. Box 1004, Johnston. IA 50131 



ClMMYT, Lisboa 27, Apdo. Postal 6-641, 06600 Mexico, DM, Mexico 
W.D. Beavis 

Pioneer ffi*Bnd Intl. Inc>RQ. Box I0Q4, Johnston, IA 50131 

Abstract. The backcross breedlna proccdu t « has b««a ased widely to transfer simply bfccrffed trails Shto elite cenorypes. 
Genetic n&arkara enn Increase the. ttYecthrcavtn □£ backcr«*uUg fcy 1) Increasing the prebabwrv of obtiitYiinfl a fuJtobk 
edftYdcwB. and 2) aetrnsuinc the time regtirvd to achfev* At) testable recovery, SlmdatJou and £ejd results Indicated 
Out, for a genome consisting of ten 2Q0-cM chrumosoows, baaing section on 40 cr 80 raarkerr. In 20 B C Individuals that 
carry the allele bemstitotforred on reduce Tbe number of back cross generation* deeded front n bout sewtn to three 

The bicfccrou breeding procedure %u been \«ed widely 
to (mufti simply inherited tote into rfitn genotypes. 
Usually, the wit being transferred if controlled by a 
angle gene, but highly heritable traits tnatarenu^ecreptwty 
inherited have abo been txnnrferrcd successfully by bttlccrajx- 
inc; for example, msiurity in malic 0Uaka and Sentz, 1961; 
Shaver, 1976). Today! biefcercuing is btitij oscd to transfer 
gcccS introduced V/ *"=h tectmkjner ?c trnjiiforrn«loa or 

mutation into appropriate sermpUsm. 

Sevan! plant breeding textbook* give good description* of 
Bin hacfacToa laMcdm (AUard, 1950: Pohe, A (ten fir 

parent (DF) carrying a trail of Ihocrcstii crowed so ihe reeunent 
parent an elite lino thU la Tackinf (be trait The F. I* 
crowd back to the HP to produce ibe M # ganeradna. In the 
BCj andsubscQBcntbacfecross generations, selected Individu- 
als carrying the gene being transfe,rrcd ore bicksrocaed io die 
HP. The expected proportion of DP £*eom* i* rednced by hill 
wjtb card* gene*atfcm of b micros t lng> Icnortn j effect of link* 
k B c to the selected DP allnle being transferred, the pcretntagtr 
recurrent parent geaoma cxpecicd in each baekcrocc 

genoradon » caJcuteed m: 

whttt n Ik the number of bactaocseg. 

Baakottssillfi selected planes to the Rp cen fa« repeated 
cash cycle undl attec li obtained thai eucntiaUy a vent on of 
the &F chat includes the IntnJtrewed allele. After tlx back, 
crosses, the expected recovery Is (TablB 1). 

U nifl recently. tffscussioTis oftha recovery of the RP ccnecne 
during baekcrosdng have emphasised the expecied values for 



%$P shown in Table t. and have togdy Ignored the genetic 
uariadon for fcRP that exists around the expected mean. With 
the development of seneuc martens cspaBleof prevWTo^ good 
genome coverage, there ba< bean inures? In [ajtfng fldvaniaje of 
thai variation to tncreaas the affidenoy of hflekcrmsfo^. ' 

Selection far RP marker oIIeJ « can dnorease ^aatly the 
nffeciSveness oftickCTOS programs by aJlowrtig the breeder to • 
1) iclcci backcross plants that have a higher proportion of RP 
genome, and 2} select bacVcross IndiviijuaU Aai ara bciier 
convtrtifinf near a mapped donor allele being rransfored 
select for toss linkage drae% Expressed In practical terms, usin? 
genetic markers to uxiti bscke«s«rg ican 1) Ipcmajec the 
probabJIlry of obtajains a suLtablo conversion, end 1) decrease 
the flme required to achieve en ncceptabSe rcenvery. 

Issoes to consider when plana) og a niarker-assisied bacfe- 
crost program lodudo 1} the time advanmgo of using markers 
to assist backeros slnr. 2) the number ofmfirfccrs needed, and 3) 
the number of genotypes sd evaluate. In this rtoort, w e use 
result* from previous literature, computer simulation, end tnv 

pltteaf studtos io pnanride yotnc guideline^, * 

TfcWi 1, gbput*drte**ery tfn&mnt partnr (Jit) gtnnm* during 

MdkcfefMC, antMibv 110 n»*vf * lo tAtf biisg troAJfmdL 



Analysis ofMvl*eularb4aThtr 4>oro 



30LOQOO 
75XOO0 
B7.SOOO 
9X7500 

99.609^ 
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' >lfltcJbb and methods 

• Th* malu» genome was ihc model far (he iimulatfoo. The 
. simulated genome coiMaed ten 200-cM chromosomes. Simu- 
lation of cn**ta p o vet b^ed on a Po&on dUvibulioti with 
* mean of XO (X - 1) (Hanson. 1939). which, on Dvotago, 
gmiraiedonocroaa over fer every 1&0~cM tenxtfi.Theditnuli- 
rfon* repoRed here assume no taterferanca. Codarninaot ge- 

■ Qftlle mtlYAti w«e evenly distributed in the i*nome and site* 
of tin donor gwi wet* randomly ass I ghtd to genorno 1 oeaiionc. 

. • SSmtttttiOns warts eoTsdacted wjih the following porameten: 

Number of progeny: 100 or 50 a 

J3xdccn*a senBratsoi*; BC |t "BC^ and BC,. 

Number Of markew 20.40. SO. or 100. 

Number sclaclod ta form the ticxiBC ^mention: 1 or 5, 

Selection was baaed oo l)f resenefi/jfihe donor allele and I) 
high %RF), %RP was calculated u ihe avers ge of the (OQo of 
five) selected Individ uaZs. Valuta pi e*enmd are At mean of 50 

■ jimtilntfansw 

''AcauKr 

In the- computer rtmnlatfon study, a]] methods modeled 
. ready incrnuod mo tpctd of recovcriofc the BP genome 
.. cow cared to the expected recover with ao matttr-asjwtcd 

selection (compare Tables 1 *ndH). Ml*** 80 mvkm wen 
f required to recover 99% of die RP glioma in jun three BC 

gcncratioiiB (Tebl* Z). I&b of at l^ast 20 nxarksre and 500 
t progeny allowed recovery of 9a % RP in Juxt nro BC gseer*. 

tioiu. Reapesue to selection waj dlminlsbad only tKshily by 

irprtadiiifi the effort over five seleedoaa. Using markers, the 
« number ortjacJreroas geoeiaUojis needed to convert an labnd is 



reduced from about seven r> three. 

By Lho 2C Bunertliort, ihcre appeal io bit no unci teal 
Bd* xmafie to uilqg SOO vs. loa individual*, Jtfihe preiinee Qf 
tto aowor traui In dm bacterow individual* ca* bo afcenalned 
maricnri are |eno5ypec\ then only hal* the number of 
individuals indited In the tables win r.«d tot be ^yivL 

When a small number of markers arc used, tbay ouicklv 
b^Emeno™taraanv* L e . f 5decdor. cause*, marker loci 
to became A*ed lor Lhe R*> tv pe before the reji of the aonomc 

was most nromimi in in* lara^r. popohdonsj where » higher 
selection intensity placed ttwre selection pr da sure voto the 
mar^r loci. Accordingly, It it of lateral to consider how 
Cloiely the cstirosdon of 9vW based on markers reflect* die 
actual Bt^omc comporitlnn. The comfeinnUon p f cs rima^ of 
based on fe*er marker and 9Ul»eq\ientitt«tcdoA tends to 
bias the cstinuw upward (eompare Tables 2 and 3). 

Tr^rtsultttreniiheiimuladoncottiparowoll wiihrtal field 
dara. fn a^rptolcximpl e ,50^ C, phMicarryirs the £rttb»in£ 
tranifonrod were geuotyped mi &3 oolymofphlc RFLP ted (mite 
that <hja eorrvponds to n populidon mo ofilOO uaickctod 
pJanbT tn Tiblw Z ^nd 3). Tnc five bast BC; recoverjtj bad 
CAttmalcd %RP viloai of 854%, 82.7%, 82_0%» 81.4%, and 
81.2%. Xher eviWug to »C plants from caeh selected BC k . 
the best BC, reeev^y had an estimated %KP bl 94-.6*. 

DiBcusfSon 

The wtntiUOow (Table 2; Hospital tt ^ 15P2) ^ 0liX 
axperie nee indicate diet wurTOarker s per 20O^A< ctxramKOme 
U adequate to are^Jy inere^aibecfftctlvcnta of selection in 
the BC,. Howeven uiin$ only four markers per 200 cM will 
likely ma** U very tfff?*idi to map die location o F the gene of 
interest, Adequate -wmjonrixation of the datajla aq hrnxtrtant 



Tib* 1» PmuiIrL \ t uimi p4KTtt££ttMn4 faring ouvki^asiLrtcd ^cWuuii|. 
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''pfxof* markcc-awji tedbackcrosa program, TdOflty, tbcmsrk- 
used can supply duto thai can be represented as allele) often 

• fiih iknown map poaidoa. Estimation of ttRP, mappin* tf* 
fOJiOOD of Ihc locus gf Interest, and gripbieal dFiplny of chc 
rtsuiti (young and TanWey, are all mufti In Under- 
Handing and eomrollioj (fee ipcclflc bftekeraa experiment 

• being conducted. r 

II appear* due, widi the asc of genetic markctt, the portion 
j uf ihft fcp genome that h not linked (o die alfcte being inw- 
■ .fcoed can be recovered quickly and wifti confidence The 
fccQvery of RP yyi)\ be atowef Oft the chromoxoraa cany log lbs 
;.geng of interest* A conndcrabLa amount of linkage drat " 
' ttpflcted b> accompany «electi04 for die bp alkie in a bttk- 

• -pas* program. For a locus located in (he mlddl* of 1 200-eM 
diromowmc, the Icngiliof thtpP chfomoicanB Kfimciittc- 

\ pamganying selection is expected to bo \26, 63, and 28 eM in 
' BC r BC i 5W««i«'w. fespcctlveiy (Hwoft, 

• J 959: Newcir* 3^ Barbidilla. lW^Oiirebxttvaiinnir rapport 
fee recommendation of Hospital ei aL C 1991) ibaiprefa tenet be 

•"given to the- fiolccdonfis/jfccranblnanu pjtaimaJ co the allele of 
/.iateiwt, but chat aeleimVmfbTiocojveiy of die RP elsewhere la 
fee garomo afro be considered. This two^uge xelecobfj can 
. probably be doncquUe effeedwty id hoc hy die breeder once 

• the daxa U adequately «atainv4; however. Hhrpiral a. aL 



BUjCMt to locorporato ihc r^o eiUerln into a selection 
index such that ttch component of selection Is ajrured spDro- 
Dri&K weighting. ry 

or oacfcoottrng, *nd Lhey should he wed in any serious baok- 
pfOpr&m if reiemraea are available to die breeder. 

Ukratur* Ol*d 

^rf' « ^fP'^^^^^clopmcntiv.UTbeoryand 
technique. NUcmmw^ N»y Yufic. 7 

V.A iAJAfcarjy gwwnusonaiujyrts ofic^dioftwertOTwi* 
chwmoBfimc J certain amend 3 toon held heferftcyzcaii *;* 
bae^^taeor^nc.aeiieika^WM^r^^^ 

^£5^*7** " ftW ^ marker in 
DV ^ »"^S^5(on firtcdinE. pmgraiT.r. Genetics 13*|I9<M21G. 

BoidMn^L Ann. Wjfcntf Gem Indunry C6nf> 16*M6. 
<™^f^ff7dJ Qinvtratoni v ^in^,* nufcatftaeq^Matie 

(fond. Cnop, Nwjhf. 5020-13. 
*W Wa emftO. Tnrtfex/oL jejft, Reaction foment t^gih 
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